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raised about whether the U.S. is adequately preparing the next generation 6 for the demands of an increasingly high-tech and interdisciplinary workplace, and whether enough scientists, engineers, and highly skilled workers are being produced [7] [8] . To prepare and educate this workforce, we need to understand the career demands they will face and for which they need to be prepared.
Instructors in most undergraduate courses in engineering have students solve problems that are well defined, with the dimensions, materials, forces, etc., being specified. In the world of practice our students will encounter problems that are ill-structured. Hence, we strive to provide an opportunity for students to learn how to internalize the principles of design and to develop competencies to tackle ill-structured problems through an authentic, immersive experience that involves designing, building and testing a mechanism. Engineering educators need to rise to the challenge of equipping students with foundational math and science skills and ensuring that they are able to use them to successfully address novel and complex problems and challenges. The engineering education curriculum needs to be anchored in mathematics and sciences, emphasizing the professional role of the engineer and demanding new competencies suited for newly emerging world contexts, with innovation, interdisciplinary and complex problems being a central theme [1] [2] [3] [4] [5] . We can move this curriculum forward by specifically focusing on design and assessment of instructional activities that address the engineering metacompetencies 9 .
Engineering programs usually do not assess competencies of students, rather the focus is on grades based on examinations that require them to solve well defined problems. The exception being design courses, where students address ill-structured problems. Design courses in engineering play a crucial role to develop and improve competencies needed by students to excel in the 21st century workplace. Assessing student competencies can be a challenging task, hence in this paper we present the use of surveys to identify self-reported student competencies to assess development of competencies.
In AME4163, Principles of Design, we orchestrate learning through an authentic and immersive learning experience. The ill-structured problem takes the form of a design, build and test project. Salient features of the course include: self-organized teams, scaffolded assignments that are anchored in experiential learning, and being treated as junior engineers. Our aim in this course is to prepare students for industry sponsored senior capstone (short term) and careers in industry (long term). Hence, after each assignment the students are surveyed to ascertain their understanding of the material, level of competence, and asked to write learning statements. Learning statements are used to ensure that students think about learning more explicitly. Learning statements are completed through experiential learning and are written in the form shown in the bottom of Figure 1 .
Figure 1: Learning Statement Structure
Our objective in this paper is to understand the effects of authentic design problems on development of student competencies. We track the change overtime of student competencies using self-reported student data. The collected information on student competencies can serve as a baseline, so that AME4163 can be improved to enhance learning and the development of career sustaining competencies by our graduates. In the following section the basis of competency learning is discussed as well as the reasoning behind the selection of competencies used in this paper. Then we describe the salient features of AME4163, followed by the self-reported instrument, surveys, and its administration. Finally, we summarize our findings and suggest a way forward with the course.
Technical competencies and metacompetencies
The nature of innovation is changing. A large body of evidence suggests that raw production of ideas alone is no longer sufficient for accomplishing innovation. The innovators of the future will need to be equipped with more than just specialization skills 10 . A competency based curriculum needs to focus on the relationship between the engineer and his/her work environment, current and future. Consequently, the set of competencies needed in engineers needs to be identified first.
The problems that we have today are global and complex in nature, where engineers need to manage dilemmas that arise through the interactions of economic, social, ecological, and intellectual capital. Specifically, innovations in the future will increasingly come from teams of collaborators who can bring together multiple skills and perspectives. The competencies required by engineers will have to support innovations that go beyond the current models of only economic capital. Unfortunately, too little formal investigation and understanding exists to help identify appropriate competencies needed by engineers for the innovation economy.
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There are two levels of competencies in any professional field, field-specific task competencies, and generalized skill sets, or meta-competencies. The task-specific competencies are benchmarks for graduates in a given field that define them as well-prepared to meet job demands and excel in the future 11 . The general (meta) competencies are skill sets that enable them to function globally, such as to work with others, function in systems and meet organizational demands, and transfer task-specific skills to novel problems or tasks they have not encountered before 12 . The development of competencies to support engineering specifically, and innovation more globally, is spiral in nature, with students building on some and adding new ones as they progress through the curriculum. A set of metacompetencies, complied by various educators and researchers 11 12 , that engineers will need are listed in Table 1 . In this paper we assess, using self-reported student surveys, the development of student competencies in a design course. From the competencies in Table 1 the ones we have selected to explore are understanding requirements, teamwork competence from an individual and team manner, communication, and understanding the design process. These have been selected because of their importance in our graduates developing appropriate career sustaining skills. The ability to understand requirements is critical to being able to design a successful product. Without being able to encompass the proper requirements the product will not be successful. Being able to manage and work in a team setting are crucial to having a successful team complete a project.
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Understanding the design process helps with the development of novel ideas that lead to innovative and inexpensive solutions.
Selected design course: AME 4163 -Principles of Design
AME4163 Principles of Engineering Design is a senior level mechanical engineering design course at the University of Oklahoma. In this course through appropriate scaffolding, students are provided with an opportunity to explore and experience issues and tools related to design in an authentic and immersive environment. To make the experience authentic the students are treated as if they are junior engineers within a company empowered to learn through doing. The problem given is vague on purpose as to reflect a real world issue. This forces the students to make and justify engineering decisions on how to proceed. To make the experience immersive the students are inputted into the fictitious world of Planet Vayu * .
Here they are solving a problem that is plaguing the planet. They are provided with a background of the problem and how it is affecting the planet. They are asked to understand the needs of the community, designer, manufacturer, and any other possible needs. The scaffolding provided through the class included an outline of the design process the students follow given during each lecture to show where the new information takes place. Also in each assignment the inputs and outputs are shown -bringing over the information from the previous assignment that they will use for the current one. An example of the scaffolding can be seen in The students form self-organized teams are then guided through an authentic and immersive conceive-design-build-test-and-reflect experience, with an emphasis on the development of digital prototypes and using them for analysis. In AME4163, a design process that combines steps from several general prescriptive models for designing is introduced to the students 13 . The steps of the design process are shown in Figure 3 .
Figure 3: Design Process used in AME 4163
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In Fall 2014, the students were provided with the opportunity to learn the principles of design by designing, building and testing a mechanism -SHARK. Specifically, they were required to design, build and test a SHARK system capable of moving overland a distance of eight (8) feet, and then enter a harbor, (modeled in this instance by a child's wading pool.) The SHARK must cover the eight (8) feet as rapidly as possible. Upon entering the 'harbor' the SHARK must retrieve as much Klepp as possible within set time limits. Contained in Figure 4 are the initial restrictions and the testing area that were given to the students. As students go through this experience we expect them to develop competencies to help them solve open problems that they will encounter in their career. This course serves as an opportunity to work in groups and develop team competencies. Also when they present ideas or concepts they learn how to effectively communicate with others in a team setting.
Figure 4: Project SHARK Restrictions

Method and results
Instrument -self-reported engineering competency development
The students were surveyed throughout the semester as they completed different assignments related to design of a product. The items of the instrument gauged student perception of their development of competencies related to understanding requirements, teamwork competence from an individual and team manner, communication, and understanding the design process. The authentic design problem that the students addressed in the class required them to use concepts, knowledge, and tools that they have been introduced to during their previous six semesters.
In this paper we investigate the following competencies (Table 3) 
: (A) Understanding requirements of a project (B) Managing a team (team) (C) Managing a team (individual) (D)
Communication (E) Understanding design process. The items used in the instrument are shown in Table 2 . Students used a Likert scale of 1-7 (Very Poor -Very Well) to answer questions of the instrument. These questions were submitted to the students in the same format and manner throughout the semester. Shown in Table 2 is an overview of the questions administered to the students. Page 26.537.8 
Administration of instrument
Five surveys were given to gauge the development and track change-over-time of student competencies through the senior level design course. Students were given one week to complete the survey, after they completed the relevant assignment. Desire to Learn (OU's Learning Management System) was used to administer the instrument throughout the semester. The timeline of the administration of the survey and assignments are shown in Table 4 . Responses from students varied from 84 to 51 in a class of 88 students ( Figure 5 ). Throughout all the surveys, 40 students participated in all five. 
Analysis of collected information
In regards to students gaining the ability to understand requirements of an ill-structured problem (Figure 6 ), Question 1 shows some variation, but ends close to the initial. While Question 16, regarding the problem statement, has a steady increase followed by a large increase at the end. This large rise at the end could be the students gaining confidence as they build a prototype of their concept. They are realizing how the concept is meeting requirements of the design problem that they had identified much earlier in the process. 6.7
Figure 8: Responses to Managing a Team (Individual)
There was no statistically significant variation on students' perception of developed competencies related to managing a team (as a team) (see Figure 7) . A slight dip occurred at Survey 3, but by Survey 5 they have recovered close to their level of competency at the beginning. On the other hand competencies related to managing a team (as an individual) had a steady increase throughout the semester (See Figure 8) . This indicates that students, as individuals, learnt to organize and work in a group setting from the project.
Figure 9: Responses to Communication
Responses to development of communication competency were also stable, with a dip during the third survey, followed by a rise as they work to gain the competency to the level that had originally proposed. Self-perception of competencies related to understanding the design process steadily increased throughout the semester. As the students worked through the design process they gained assurance that the design process they were following will lead to a successful project.
Discussion
The surveys were given as a self-reported evaluation of competencies and were not related to the grade in the class. This was done to prevent students from trying to report a higher level competency to receive a better grade. The data that has been collected sets a baseline for the class as we proceed to determine features and methods to teach and facilitate students to gain competencies.
From the collected data we observed that development of competencies do not follow the same trajectory. The trajectory for Development of Understanding the Requirements (Figure 6 ) shows a divergence for the two questions at the end (Survey 5). If there had not been multiple surveys through the semester we would have only seen a difference from the beginning to the end. By administrating the instrument multiple times during the semester we can see that students gained a better understanding of the problem statement at the end of the design process. This is most likely because students had started building the concept and were seeing areas in the requirements that they had missed or not encompassed. The ability to develop problem statement stays steady until Survey 5, and increases during Survey 5 as the students see the importance of a problem statement on the end product. Managing a team in a team setting did not have much variance through the semester. This may be because students had worked as individuals and combined the end work for an assignment, instead of working as a group. When looking at Figure 8 we see that students were able to improve on their competence in a team setting as an individual. Communication competence did not have a good sign of improvement from the data collected. This may be due to the students not focusing on this competency, but instead focusing more on the design. We saw a 6.4
good increase in Understanding Design Process. This is most likely because of the focus the class has on working through the design process to develop and build a concept.
Closing remarks
Gleaning from the analysis of the data the following are suggestions on how to proceed with AME4163 in Fall 2015. To improve the course we recognize the need to clearly articulate the outcome we seek, namely, students internalizing the principles of designing via an authentic, immersive experience of designing, building and testing a mechanism. In Fall 2014 we introduced Project SHARK on day one of the class; students started to "design" with cursory attention to understanding the problem. In Fall 2105, we plan to release information on the design, build and test in week three of the semester. We plan to invest time on helping students internalize the importance of framing the problem by providing the students with examples of how a project can succeed or fail based on the framing. We believe this will lead to a gain in the competence of Understanding the Requirements. The surveys can be improved by adding more items related to same competencies. This will allow us to determine the stability of different competency scales. A survey at the beginning of the semester, before the students have completed any work, can be administered to show confidence level of students related to their competencies from previous classes. Then as they proceed through AME4163, the surveys will track how students develop and reassess their competencies. In addition, student's motivation may have an impact on their competency development, which can be tracked by determining correlation between student motivation and competency development.
Some limitations of this work is the low amount of students that participated in all five surveys. The importance of participating needs to be emphasized to the students so that the data encompasses the class as a whole. Also the questions are limited to very particular competencies. Having questions that cover more competencies will allow us to see what all competencies the students are gaining through the course.
We are motivated and remain committed to explore the development of student competencies over time via an authentic immersive design experience. Clearly, what is embodied in this paper is work in progress. It is our hope that there are others in the engineering community who are interested in exploring this topic so we can form a community of educators who are keen to explore and learn as we move forward.
